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Correction Algorithm of Rotational Center by Matching with Virtual Projection Image
Using Normalized Correlation for Spectroscopy-Tomography of Single Cells

Toshiki YASOKAWA*, Ichirou ISHIMARU, Katsumi ISHIZAKI and Makoto YOSHIDA

Faculty of Engineering, Kagawa University, 2217-20 Hayashi-cho, Takamatsu 761-0396

We previously proposed the application of spectroscopy-tomography of single cells to improve the
early detection and treatment of cancer. This technology can obtain the 3-dimensional distribu-
tion of components at a high spatial resolution. The center of rotation is displaced because the
cells have a complex refractive index distribution and axial runout has to be eliminated to obtain
the correct 3-dimensional distribution. For this purpose, we experimented with image processing
that employs a normalized correlation function as an estimation value. The runout of the axis is
corrected for its translation and rotation by an affine transformation. We determined the affine
transformation parameter by evaluating the similarity between the real projection image and the
virtual projection image which is a reprojection of a preliminarily reconstructed CT image. Using
this algorithm, the cross-sectional image of the microsphere 10 ym in diameter was improved and
the vague internal submicron-sized defect became more clearly distinguishable.

Key words: matching, normalized correlation, steepest descent method, computed tomography,
affine transformation, spectroscopy, single cell
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Fig. 1 Light pressure generated by absorption and refraction.
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Fig. 2 Moving direction of the rotational center.
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Fig.3 Schematic diagram of the proposed algorithm.
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Table 1 Properties of microspheres.

Item Property
Material Borosilicate glass
Diameter 10 (£1) gm
Refraction index 1.56
Density 2.50~2.55 g/cm?
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Fig. 4 Schematic diagram of the proximal two-beam
optical tweezers.
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Fig.5 Schematic diagram of the experimental optical system.
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Fig. 6 Photograph of the optical system.
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(b) 75 deg.
Fig. 7 Sequential photographs of rotating microsphere.
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Fig. 8 Cross-sectional images of a microsphere.

Table 2 Learning conditions and results.

Learning conditions

Weighting factor a (dx;) 20000
Weighting factor « (dy;) 40000
Weighting factor « (6,) 15000
Inertia constants 0.5
X, (dx;[pixel), Ay;[pixel], 6;(deg.]) (0,0, 0)
AX, (Ax;[pixel ], dy;[pixel], 6;[deg.]) (5,10, —5)
Maximum number of steepest descent method 100
Processing results
Number of convergent calculation 4
Computation time 16 min 3s
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Fig.9 Improved cross-sectional image of a microsphere.
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Fig. 10 Analysis result of affine parameters in each pro-
jection image.

BEELZENTE L, ZOEBTIHREEZIT> Ik
H, AHEHCEH SN T 7 4 V8T A= —DBEFEH
FTRTOEEZBRCBVT QHEE, 1HEK, 1) LA
INEotelzh, UHEZET L, #2113, 1500 D EEE
Bz BV COMBERENE, 1IEE DO 0.98434 12t L T 4
EE DfE 0.98448 Ul o b ERLTWE Z &b,
i ECcoOBEBEDOWRERHER T,

Fig. 91z, #HIE L 7o =856 & IR E D = RITH 1A
B LR E2RT. Fig. 9 () XEEEF.LOTNE
BATOHREEOWER, Fig. 9 (b) I3FHIEZOWHE G T
bH3., Tnzh, WNHE 30 cm ™ 2HEE LT ElL
7z, WEBRMEFHEOIEKGE b TERL TWws, FE
R ETHR L um BREO SR E L THHE T & 2 NEKIH
2, Fig.9 (a) TREISMFsh-BRCEMERI L TL
¥ 57228, Fig.9 (b) TREFHICAHABRE L THATY
3., ZRICED, AFEOMIER MR TE .

Fig. 10 12, #iIEROFIERER %, HElx ERRm R, o
BT T4 NTG A= — (A, Ay, 6;) ELTEEDT, T
NE25ZTwuiwn Ao 1L T, @FEEFHRICB W TIZ
Z0 kot ThESZ Ay BIL CiE, EEEAE
150° 1B WT 2.8 um OFIEMEZEHE L 72, Z ORIEME



1%, WEERBEIC & 2 BITRORAEC & 2 EEEFL0 T h
E, THFEOBHERN 2um O ThD EHEZONET:
W, ZURETHB., £, 6 CBHLTE, &K1 DT
NREH I NN, REEHREeEH LIz 25, 15 EE
THhTw3 I ERHERTE .,

¥ 7z, ATERRIE, 169038 Th - 7 (CPU: Intel
Pentium 4 3.6 GHz). 2D b, ZRIGEHMKICEL 72
R34 53 38 M TH Y, REHRTDT 7 4 /8T X =%
—E AR THRCL DV EH T 2 15 25 B L R TE
WHIGE 5D 5 L, FHERMEZERHET 5121, B
W7 AT R OMEL BRI TH 5.

6. #&
=RTCHBEG O RBRESEOR & 2 ER & 7% 2 [H
HEFLO TN E2HIET 2 720, RIS ZRICH D 5 #%
HAEEBL, EREREOEGRBEERTO 2 LT, fE
2R 2 EFCAHBMAR RIS 7 v T ) X A ZIRE
Lie. AFETE, [KEREREREDT 2BICRE L %<
Tk okl s, ERERERERT 2R LIk
HOBEOIKEE L 2 WIESUEHEBIR B 2 FfiE & LT, &
ARETHEIC X D EANE 2 HERIITKD 12,

EEEERELE LT, 77 AF v —0327% <, EREEOR
LT CHM 2T 2 &M TE ZERE 10 pm OREHE
K7 28E L, BERHLTNEEARERBGEREGL
7o, ZOERSZEE IEFUCHBIRERZGREG T v T ) X
P VMIET 52 & T, 1um LT OSRIRWERK b %
R HERR T & Tz,

AWFIEIE, HOTATBUEAST = 2V ¥ — « EEZERAR A5
FehERE (NEDO Bl BAFERME) PR 17N 4F B BE SE BT
WRBIREED B2 WP wT W05, ELIEHOER
x£7 5.

il

34125 (2005)

1

2)

3)

4)

5)

6)

7
8)
9)

10)

11)

7N

T. Yasokawa, I. Ishimaru, F. Oohira, R. Hyodo, H. Koba-
yashi, A. Hayashi, Y. Inoue and K. Ishizaki: “Proposal of
spectroscopy-tomography of single-cell,” Proc. SPIE, 5604
(2004) 108-117.

T. Yasokawa, I. Ishimaru, H. Kobayashi, M. Yoshida, R.
Hyoudou, K. Ishizaki, S. Kuriyama, T. Masaki, S. Nakai,
K. Takegawa and N. Tanaka: “Spectroscopy-tomography
of living single-cells—Cross-sectional imaging of single-
cells and variable phase-contrast spectrometry—,” Proc. of
Complex Medical Engineering CME2005 (Kagawa, 2005)
pp. 934-938.

AlEEEC, AR, M &z, IR “H—a
GHNET T T 4 —DIRESLE2HANE 2y Mgk
AT 6 TR —, 2004 FERETFEESTREY
ITRiE S RETGR S (B, 2004) pp. 1265-1266.

alEpsc, GRS, iEseE, SRR, VR,
F LN L CERESE N ST 7 4 ORI EE ]
THFRT—", Optics Japan 2004 HARNFEERFMFHEESHE
HEPREE CRBR, 2004) pp. 552-553.

HH OH, GAFARES, IMREB, AREC, TEEREE,
FJNFIRS - “H—HIfge b€ 7T 7 4 BT 29— Hi—
HRBG BRI —", 2005 FEER B L BRI FITH
BEESFEBEER LS (FFER)11, 2005) pp. 459-460.

M. Yoshida, I. Ishimaru, H. Kobayashi, K. Ishizaki, R.
Hyodo, T. Yasokawa, S. Kuriyama, T. Masaki, S. Nakai,
K. Takegawa and N. Tanaka: “Spectroscopy-tomography
of living single-cells—Rotational control method of single-
cells by proximal two-beam optical tweezers—,” Proc. of
Complex Medical Engineering CME2005 (Kagawa, 2005)
pp. 924-929.

FEST Project fREZ B % | i EEE G (V > 7 X, 2001)
pp. 96-98.

FHEE  ~A47uxXxh=%

2002) pp. 58-61.

A. Ashkin and J. M. Dziedzic: “Optical levitation in high
vacuum,” Appl. Phys. Lett., 28 (1976) 333-335.

K. Ishizaki, I. Ishimaru, H. Kobayashi, M. Yoshida, R.
Hyoudou, T. Yasokawa, S. Kuriyama, T. Masaki, S.
Nakai, K. Takegawa and N. Tanaka: “Spectroscopy-
tomography of living single-cells—Rotational velocity mea-
surement for low-contrast object—,” Proc. of Complex
Medical Engineering CME2005 (Kagawa, 2005) pp. 930-
933.

W VAT LRI A 7oV — 5 EAEGRLE GE
$ELE, 1992) pp. 93-97.

V73 b =27 A (FFRILHK,

675 (49)



